The modern spinal surgery accepts the percutaneous vertebroplasty (PV) with polymethylmethacrylate (PMMA) as a routine procedure for treatment of painful osteoporotic, neoplastic and traumatic compression fractures in the thoracic and lumbar region of the spinal column. Although considered to be a minimally invasive and safe procedure, it could be affected by severe disabling and even life-threatening complications. The aim of the present study is to evaluate the different potential complications with their clinical presentation, diagnostics and different treatment options. 
INTRODUCTION
The percutaneous vertebroplasty (PV) with polymethylmethacrylate (PMMA) is a minimally invasive surgical procedure that has been widely used during the last decades for the treatment of painful osteoporotic fractures, pathologic neoplastic fractures (myeloma, lymphoma, hemangioma, metas-complications do not require open surgery revision, however, in some cases that could also be considered (2, 4, 6, 18) .
The aim of our investigation is to establish the rate, type, clinical picture, and the diagnostic and treatment options for the different complications.
MATERIALS AND METHODS
We have retrospectively investigated 56 consecutive patients after PV at 66 levels in total (Th5 -L4) treated in our clinic for the last three years. Of them, tasis) or traumatic vertebral compression fractures (VCF), predominantly in the thoracic and lumbar region of the spine (1) (2) (3) (4) (5) (6) (7) (8) (9) . The technique of PV is described for the first time by Galibert and Deramond (10) in France. They first treated with PV a patient with painful C2 hemangioma in 1987.
Ten years later, PV was accepted as a clinical option in the USA as well, initially for the treatment of osteoporotic fractures and later for neoplastic and traumatic fractures (1, 8, (11) (12) (13) . In modern spinal surgery, PMMA PV is a well-accepted treatment option, which is considered as a safe and effective procedure with good outcome in up to 90% of the treated patients (1, 3, 9) . Among the biggest advantages of the VP, if compared to open surgical procedures, are minimal invasiveness, fast alleviation of the pain, reconstruction of the height of the vertebra, fast discharge, low cost, etc. (5, 14) .
A good indication for PV are the VCF Magerl type A1, that do not respond to conservative treatment (1, 9, 15) . Absolute contraindications for PV are apparent neurological symptoms, coagulopathy, significant pulmonary or/and cardiac past medical history, infections and febrility. Relative contraindications include significant vertebral height loss, posterior vertebral body cortex involvement, dislocated bone fragment, etc. (11, 12, 15, 16) . Although being a minimally invasive and safe procedure, PV has a rate of complication 2-10%, described in published surveys (1, 2, 4, 6, 8, (11) (12) (13) (14) (15) 17, 18) .
The extravertebral PMA leak is the most common unwanted result in patients treated with PV. Different authors report up to 70-90% PMMA leak, especially among the patients treated with PV for osteolytic fractures (2, 7, 8, 14, 16) . However, the extravertebral amount is not significant enough to present clinically. The cement extravasation could be in any direction -spinal canal, intervertebral foramina, paravertebral soft tissues, adjacent intervertebral discs, or the paravertebral venous system. This could cause the majority of the clinically significant complications like radicular symptoms, cord compression, pulmonary embolism, dysphagia, etc. Among the rare complications are also fractured pedicles, ribs or sternum, pneumothorax, fat emboli, discitis, infections, CSF leaks, soft tissue hematomas, allergic reactions, etc. (8, 11, 12, 15) . The majority of the All the fractures were classified as stable, type A1 (Magerl), with no neurological deficit. As indication for PV were considered acute or chronic compression fractures with pronounced pain syndrome, resistant to conservative measures. The treatment aim was to stabilize the segment and to prevent further vertebral body collapsing, together with faster mobilization and maximal pain control. Single level PV is done in 47 patients, two levels are addressed in 8 patients (4 osteoporotic fractures and 4 neoplastic fractures). Three levels are addressed in one patient with osteoporotic fractures (Fig. 1 ). Prior to PV, all the patients were examined with standard X-rays, CT or MRI.
The PV procedure is performed in a prone position under general anaesthesia. Intraoperative image intensifier is used to match the levels to the preoperative imaging. The body of the collapsed vertebra is reached by a bilateral transpedicular approach. The Jamshidi needle is inserted towards the midline to reach the anterior third of the vertebra. Small amount of PMMA (usually about 1ml) is injected in order to identify the direction of the potential cement leak, with respect to the posterior wall of the vertebral body. If there is not a dangerous PMMA leak, 2-10ml of PMMA are injected under average pressure. PMMA extravasation, especially a high amount, is an indication for termination of the procedure. At the end of the procedure, prior to the extraction of the Jamshidi needle, it is crucial to insert the trocar in order to push the cement from the needle into the body and to prevent leakage in the soft tissues, as that could also contribute to severe postoperative pain. In the acute postoperative period, we usually monitor the neurovascular status, and also the wound every 30 minutes. If there Fig. 2A, 2B . Cement extravasation into the vertebral canal and the adjacent neuroforamen are no complications, we mobilize and discharge the patient no later than the second postoperative day. The pain dynamics is followed up using visual analogue scale (VAS) preoperatively and postoperatively. In two patients we found cement extravasation into the vertebral canal and the adjacent neuroforamen, with new postoperative radicular syndrome with no motor weakness, corresponding to the PV level ( Fig.  2A/2B ).
In these two cases, we did hemilaminectomy with arthrotomy and foramenotomy with subsequent careful resection of the consolidated PMMA located in the neuroforamen.
RESULTS
The investigated cohort was comprised of 56 patients who have had PV at a total of 66 levels. Of them, 69.7% (46/66) were treated due to osteoporotic vertebral collapse, 21.2% (14/66) were neoplastic fractures and the remaining 9.1% (6/66) were traumatic fractures. Women had a prevalence in the osteoporotic fractures (24/17), while men had a prevalence in the neoplastic fractures (8/4). Similar to other investigated series, compression fractures addressed with PV are the most common in the thoraco-lumbar region Тh11-L2 -42.4% (28/66). The mean PMMA amount used for the PV was 5cc (2-10).
Cement extravasation was encountered in 29/66 levels (43.9%). In 20 of the cases the extravasation was found to be vascular (Fig. 3A) and in 9 cases it was nonvascular. The most common vascular leakage is in the paravertebral venous system, with the neoplastic compression fractures found to be more commonly complicated by an intravascular leak (12/14) (Fig. 3B) . One of the cases was complicated by pulmonary cement embolism (Fig. 4) . Avascular cement leakage alongside the needle trajectory was found in 2 cases (Fig. 5) , in the paravertebral soft tissues -in 4 cases (Fig. 6 ), in the adjacent disk via the Fig. 3А, 3B . Non-vascular and vascular leakage in the paravertebral venous system endplate -in 1 case (Fig. 7) , and to the spinal canalin 2 cases (Fig. 8) .
In the immediate postoperative period, a significant pain alleviation was registered in 30 cases (53.6%), and moderate pain reduction -in 15 (26.8%). In 9 of the patients (16.1%), the pain intensity had no change, but in some of the cases it got worse. The mean pre-and postoperative values were 7.5 and 3, respectively (p<0.001).
Symptomatic deterioration and complications were found in 9 patients. In 7 of them, the pain syndrome was controlled with a conservative treatment for 7-10 days. In 2 of the patients with complications, the treatment included surgical decompression with a very good postoperative result.
DISCUSSION
After its introduction 20 years ago, PV in VCF is now considered safe and is well accepted by the patients. In the last decade, many investigations demonstrating the benefits of the procedure became available. It is now considered an easy to perform procedure with a success rate reaching up to 95-97% (9, 12) . The indications for the procedure now com- The fast and effective control of the pain syndrome in over 90% of the cases also contributes to the popularity of the procedure, as well as the biomechanical stability and collapse, and the deformity resistance of the level treated with PV (1,2,9,15). Finally, many authors also emphasize the short hospital stay and the low procedure cost (2, 7, 14) .
Patient selection and the proper indication application is are the key factors for optimizing the results and minimizing the complications.
Although the minimal cement extravasation is not considered to be a complication as it is usually clinically silent, we have also counted the cases with minimal cement leakage as unwanted events, which could necessitate conservative symptomatic treatment, especially in a case of transient postoperative radiculopathy or axial back pain. According to some authors (7, 8, 16) , epidural, intradiscal, paraspinal and venous cement extrusion could appear in up to 88% of the cases, especially if evaluated on postoperative CTs. Layton et al. (8) published one of the largest series in year, analyzing the results of 1000 treated levels, of which 84% osteoporotic, 11% neoplastic and 5% traumatic fractures, or hemangiomas. Authors report that although the complication rate is very low (1-2%), a cement leakage is documented in 25%. Lin et al. (19) report 18/38 patient with cement migration in the disk. They also report a higher risk for adjacent vertebral body fracture. Brodano et al. (9) found 7.4% cement leakage, analyzing 59 patients with treated 94 levels. The cement leak was consid- ered as a minimal complication without vascular and neurologic sequelae. Barragan-Campos et al. (17) , in a series of 117 patients with spinal metastases, have performed PV on 304 levels. In the course of the procedure, the authors documented 423 extravertebral leaks of PMMA, with a mean 2 (1-5) on a level. The majority of the leaks are vascular -leaks to the venous system. The remaining ones (21.5%) are leaks following the needle trajectory, in the paravertebral soft tissues or the adjacent disk. All these technical accidents caused clinically expressed complications in only 8 cases (6.8%) -6 local and 2 systemic.
The patient cohort investigated by us is in general following the pattern of the technical incidents and complications reported in the literature (2, 4, 6, 13, 16, 17, (19) (20) (21) (22) (23) (24) (25) . Apart from some rare complications like infections, fatty emboli, incidental durotomies, rib fractures, etc., we have seen the majority of the complications reported by the other authors. The majority of the investigations are focused on a specific etiology like osteoporosis or neoplastic disease. Our group has all the variety of patients irrespective of the initial pathologic process. We have not encountered serious complications like infections, permanent neurologic deficit or mortality, although we have a case with pulmonary embolism with cement and a case with massive extravasation of the cement in the paravertebral veins, all those, however, without clinical sequelae.
We believe that the most serious complication from a clinical point of view is the epidural or foraminal migration of PMMA, which could cause a damage of the spinal cord or the nerve roots. This could happen if one of the following is present: fracture line compromising the posterior wall of the vertebral body; via the basivertebral veins; through the internal anterior venous plexus, via the canal made with the needle, going in a wrong direction (6, 13) . The damage is mostly caused by direct neural compression and could cause severe radicular symptoms and neurologic deficit.
Furthermore, a harmful effect could be expected if the migrated bone cement, reaching temperature of 50-112 0 C for 4 minutes, gets in contact with the neural structures. This could cause thermal trauma or even thermal necrosis of the neural structures that are in direct contact (1, 2, 13, 17) . The majority of the authors pay attention also to the cement viscosity, preferring a more viscous or partially polymerized substance injected via a wider needle (3, 4, 18, 20) .
The liquid cement with lower consistency is more convenient to use, but also more dangerous, having a higher tendency to leak out to the venous system, fracture line, spinal canal or even reaching the pulmonary artery, causing severe systemic complications. Usually cement leakage to the spinal canal is picked up on the intraoperative X-rays, using image intensifiers or on the postoperative X-rays. It is well known now that the sensitivity of CT scanners is twice as high as the sensitivity of X-rays (8, 16) . Hence, the patients with postoperative radicular pain or neurologic deficit should be urgently examined with CT scans with the view of possible decompression. The most commonly recommended salvaging procedure is laminectomy. Yang S-C et al. (4) examined 22 patients post-PV who had been operated on to revise the levels treated with PV. In 9 patients, the revisions were necessitated by bad cement augmentation. The authors used anterior, posterior or a combined surgical technique. In our 2 cases of surgical revision, we have used a posterior surgical approach with hemilaminectomy, arthrotomy, pediculotomy and foraminotomy. The wide approach allows the migrated cement to be easily removed without retracting the spinal cord. However, in case of wide decompression, a subsequent stabilizing instrumented fusion surgery might be necessary. In our study, the cases with mild radicular pain or axial vertebral pain related to unwanted cement migration are usually transient and easy to control with pain killers for several days. In that respect, our real complication rate is 3% (2/66), which corresponds well to the complication rate reported by other authors. With the view of reducing the risk of complications and unwanted events in PV, we believe that the procedure should be performed by experienced surgeons who are well familiar with the possible complications in details and who could immediately proceed with decompressive surgery, if needed. Respecting the safe technique, we recommend avoiding a breach of the medial pedicle wall or spinal canal. The optimal viscosity of the cement is also crucial. Regular intraoperative X-ray monitoring, while the cement is injected in the vertebral body and immediate stop when reaching the posterior ¼ of the body or leakage out of the body, is also recommended.
CONCLUSION
Based on our results, we have found convincing evidence that the PV with PMMA is a safe and effective method for treating spinal compression fractures with different etiology. The risk of unwanted events and clinically significant complications during the course of the procedure is relatively low when it is performed by experienced surgeons.
